PLASMA DISPLAY PANEL SUITABLE FOR 
HIGH-QUALITY DISPLAY AND PRODUCTION METHOD 
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BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

This invention relates to a plasma display panel used 
as a display device and the production method, and in 
particular to a plasma display panel suitable for a high- 
quality display. 

(2) Description of the Prior Art 

Recently, as expectations for high-quality and large- 
screen TVs such as high-vision TVs have increased, 
displays suitable for such TVs, such as CRT, Liquid 
Crystal Display (LCD), and Plasma Display Panel CPDP), 
have been developed. 

CRTs have been widely used as TV displays and excel in 
resolution and picture quality. However, the depth and 
weight increase as the screen size increases. Therefore, 
CRTs are not suitable for large screens exceeding 40 inch 
in size. LCDs have high performance such as low power 
consumption and low driving voltage. However, producing 
a large LCD is technically difficult and the viewing 
angles of LCDs are limited. 



On the other hand, it is possible to produce a large- 
screen PDF with a short depth, and 40-inch PDF products 
have already been developed. 

PDPs are divided into two types: Direct Current type 
(DC type) and Alternating Current type (AC type). 
Currently, PDPs are mainly AC type since these are 
suitable for large screens. 

Fig. 1 shows a perspective view of a conventional AC 

PDP . 



n 4- ini in a front glass substrate 

In Fig. 1, the element 101 is a rroau y j. a 

(front panel) a 



nd the element 105 is a back glass 



substrate (back panel). These substrates are made of soda 
lime glass. 

The front glass substrate 101 with display electrodes 
102 thereon is covered with a dielectric glass layer 103, 
which functions as a capacitor, and with a magnesium oxide 
(MgO) dielectric protecting layer 104. 

The back glass substrate 105 with address electrodes 
106 thereon is covered with a dielectric glass layer 107. 
Partition walls 108 are attached onto the dielectric glass 
layer 107 and fluorescent substance layers 109 are 



inserted between the par 



tition walls 108. Discharge gas 



, in npaled by the front 
is injected into discharge spaces 110 sealed 



glass substrate 101, the back glass substrate 105, and the 

partition walls 108. 

Silver electrodes or Cr-Cu-Cr electrodes are used as 
the display electrodes 102 and the address electrodes 106. 
The silver electrodes can be easily formed with the 

pr i nt i ng method . 

As the demand for high-duality displays has increased, 
PDPs with minute cell structures have been desired. 

For instance, in conventional 40-inch TV screens of 
National Television System Committee (NTSC) standard, the 
number of cells is 640x480, cell pitch 0 . 4 3 mmx 1 . 2 9 mm , and 
area of one cell about 0.55mm>. On the contrary, in 42- 
inch high-vision TVs , the number of cells is 1920x1 125 , 
cell Pitch 0.15 m mx0.45mm, and area of one cell 0.072mm*. 

In a minute cell structure, the distance between 
discharge electrodes (display electrodes) becomes short 
and the discharge space small. As a result, it is 
necessary to make the dielectric layer thinner than 
conventional one to maintain as large capacitance of the 
dielectric layer as conventional one. 
However, glass 



used for the dielectric glass layer. 



such as lead oxide glass or bismuth oxide glass, has 
inferior wettability with metal materials used for 
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electrode*. Therefore. it is difficult to coat these 
electrodes with a thin and even dielectric glass layer and 
these electrodes have a problem concerning withstand 
voltage. Since there are prominent proiections and 
depressions on the surface of silver electrodes. in 
comparison with Cr-Cu-Cr electrodes, it is particularly 
difficult to coat the silver electrodes with a thin and 
even dieiectric layer and the withstand voltage Problem is 
notable. 

With regard to the above problems, Japanese Laid-Open 

M A9-1Q47?5 discloses a technique to 
Patent Application No. 62 194"o disci 

torn, a thin and even dielectric layer by forming an inter- 
layer between electrodes and a dielectric layer. The 
inter-layer is formed by applying S i O, and Al.O, on a 
substrate with an electrode before = dielectric glass 

1 ay er i s formed . 

This disclosure describes specific methods for forming 
the inter-layer. According to the disclosure, the inter- 
ior is formed by applying silica solution onto the 
surface to have 500-tOOOOA thinness with the spin-coat 
method or the dipping method, and by baking the layer. 
The Japanese Application also discloses another method in 
which a materia, of the inter-layer is applied onto the 
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su.rface by the EB (electron beam) evaporation method or 

the sputtering method. 

Although the above techniques improve the withstand 
volt... to a certain extent, further improvement in the 
withstand voltage is desirable. 

When a PDF having the structure in Fig. 1 is Produced, 
electrodes, dielectric layers, and partition walls are 
formed in that order on a glass substrate made of soda 
lime glass. In each step of the above formation. a 
material is applied onto the surface and is then baked 

with s ome method . 

For instance, a dieiectric layer 103 is formed by 
applying 1 e a d - o X i d e -b a s e d glass material onto the surface 
to have a thinness ranging from 20,n to 30,- and by 
baking the aPPUed glass material (see Japanese Laid-Open 

m 7-105855) where the lead-oxide 
Patent Application No. 7 lObobb;, 

, • j ~ rPV->0) boron oxide 

based material includes lead oxide CPbO) , 

( o i0 ) zinc oxide (ZnO) , and 
(BO) silicon dioxide CSiu 2 ;, 

aluminum oxide <M,0,> • «" h " relatively low melting 
point in a range of 500 to 600'C and a therma! expansion 
coefficient in a range of BOXIO'VC to 83X10-VC. 

The partition walls are also formed by applying glass 
materials with the screen Printing method and baking the 



applied glass materials. 

, . 4^ used electrodes, 

When a thin glass substrate is used, 

i ~ fluorescent 

partition walls, dielectric layers, and 

i rri.qq substrate may warp 

substance layers may crack or the glass 

,,L Dr] t heating temperature of 
or shrink when they are baked at neari 

500-600-C. Thermal expansion coefficients of their 

materials are different so that, when the materials are 
heated, partition walls, dielectric layers, and the like 
are distorted and cracks are easily caused in dielectric 
la yers and Partition walls. The cracks caused in the 
dielectric layers reduce the withstand voltage. 

In view of the above problems, it is necessary to use 
. glass substrate with a certain thickness, which becomes 
a factor for increasing the weight of a large-screen PDF. 

For instance, for a 4Z-inch TV. the size of the glass 
substrate is about 97cmX57cm. and. to prevent warping and 
shrinkage, the thickness is set to about 

The specific gravity of the glass is 2.49g/cm> so 
th .t if the substrate is 2.7mm in thickness, the total 
„eight of the front and back glasses is about 7 . 4Kg and 
the weight of the panel to which circuits are attached 
exceeds lOKg <see Display And Imaging, V.X.14. 
1996, for instance). 



Regarding these problems, a glass substrate having a 
relatively high distortion point has been developed (PD- 
200 made by Asahi Glass co. has the distortion point of 
570°C, for instance). By using this glass substrate, it 
is possible to reduce deformations, such as warping and 
shrinkage, of the glass substrate in the heat treatment 

, T • 14 PP99-100, 1996, for 

(see Display And Imaging, Vol.14, try* 

ins tance) . 

The specific gravity of this PD-200 glass is. however. 
2.77g/cm> and this value is greater than 2.49g/cm'. which 
is the specific gravity of soda lime glass. The Young's 
modulus of PD-200 glass is greater than that of soda lime 
glass and the thermal expansion coefficient of PD-200 is 
84X10-VC. similar to that of soda lime glass. As a 
result, using such a glass having a high distortion Point 
does not significantly reduce the Panel weight (see 
Electric Display Forum 97. P6-8. April. 16-18. 1997. for 
instance) . 



SUMMARY OF THE INVENTION 

The first object of the present invention is to 
provide a PDF having high brightness and high reliability 
with a minute cell structure. which is achieved by 



dielectric breakdown even when a thin 
preventing dielectric 

MQfhn H for producing the 
dielectric layer is used, and a method 

PDP . 

Tha second obiect of the Pr.»nt invention is to 
pr „vide a PDP Produced with less cracKs and waviness , 
glas s substrates and with iesscrac.s 

an d partition ,.U, even if tne thinness o £ the ,a« 
substrate is thinner than conventional one. and a method 

for producing the PDP. 

The first object is achieved bv foxing a 0.1-10,. 

en r face OH groups 
coat made of a metallic oxide, on whose surface 

n f silver electrodes and by 
is generated, on the surface of silver 

*. u fr-nnt or back panel 
1PP l r i„ S a didectric layer onto the front 

loading the silver electrodes. 

Th e metallic oxide, on whose surface OH groups are 
generated, is Z nO . Zr0 2 . HgO. TiO,. SlO„ »1.0,. -d Cr.O 

4- ^=.n be formed on the 
a 3 n l-2Um coat can oe 
for instance, and a U.l 

a vith the Chemical Vapor 
f a nf th e first electrode with tne 
surface or tne 1.11.0 

Deposition (CVD) method. 

■An nn whose surface 
The layer made of the metallic oxide, on 

a with the CVD method has a good 
OH groups are generated, with the 

, . u are the substrate of 
wettability with electrodes, which are 

rfanse Further, this metallic 

the layer, and is also dense. 
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oxide has OH groups on its surface (see Color Materials, 
Vol.69, No. 9. P55-63, 1996), so that the metallic oxide 
has good wettability with lead oxide glass and bismuth 
oxide glass. 

As a result, it is possible to form a thin dielectric 
layer which is even and dense on silver electrodes having 
projections and depressions. Therefore, the above 

structure produces an effect that it is hard to cause 
dielectric breakdown, even if the dielectric layer is 
thinner than 15um, namely thinner than a conventional 
layer . 

Therefore, with the above structure, it is possible to 
decrease discharge voltage, and to improve panel 
brightness and the reliability of PDPs . 

The first object is also achieved by forming 
metallic oxide coat made of a metallic oxide on the 
surface of metallic electrodes and forming a dielectric 
layer on the metallic oxide coat, instead a dielectric 
layer is formed directly on the metallic electrodes on the 

front or back panel of a PDP - 

*- « 4- i 1 l achieved by forming a 

The first object is still acnieveu 

i * rt * =» i 1 i r* nxide on electrodes on 

dielectric layer made of a metallic oxiae 

i i * ^ PDP with a vacuum process 

the front or back panel of a fUl witn 



a 



method or for.in, a dielectric layer with the Plasma 

spraying method. 

The "vacuum process method" represents a method for 

forming a thin coat in vacuum state and, more 

!t hod such as the CVD method, the 



specifically, a me 
sputter ing me 



thod, or the EB evaporation method. 



in Particular, with the CVD method, a thin and 
flawless dielectric layer can be formed on electrodes. 

When a dielectric layer is formed with the vacuum 
process method or the plasma spraying method, these 
me thods do not retire a baking step which is necessary 



for forming the d 



P 



ielectric layer with the conventional 

~a ^r-^rks in a panel due 
rinting method so that warping and cracks 

i _ hp prevented, 

to baking of the dielectric layer can 

thereby achievin, the second obiect. When the partition 
„alls are formed „ith the Plasma sprayim, method, it is 
not necessary to bake the partition waUs so that the 
second object is achieved. 

Wh en borosilicate 0 !ass including 6.5% or less bV 
„ei,ht of alkaii is used as the material for a 0l ass 
substrate used for the front and back Panels of a PDF. ,t 
is ha rd to cause cracks and waviness in the 3 lass 
substrate due to bakins durin, the production of the PDF 

10 



even if the thicks of the Pans! is thinner than 2mm. 
Ieau n inS in further effect on the second object. For the 
second .M.ct. It is particular^ Preferable to use 
borosilicate glass whose distortion point is 535-C or .ore 
a nd thermal expansion coefficient 51X10-7/-C or less. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other ejects, advantages and features of 

will become apparent from the following 

the invention will d e c o m « a f 

ascription thereof ta.en in oon 3 unotion with the 
accompanying drawings which illustrates a spec.fc 
embodiment of the invention. In the drawings: 

Fig 1 is a perspective view of a conventional AC PDF. 

pig . 2 is . per spective view of an AC PDF of the 

emb od i me n t ; 

Fig . 3 is a sectional view in the direction of the 

arrow X in Fig. 2; 

Fl0 . 4 is a sectional view in the direction of the 

arrow Y in Fig. 2; 

orocess for forming discharge 
Fig. 5 shows a process 

6l eotrodes with the photoresist method; 

for forming a metallic oxide laver a nd a pr o t e c t i n g 1 a V e r ; 

1 1 



■Fid. 7J and 7B .r. sectional views of a front panel of 
the PDP of Embodiment 3; 

Flg s. 8A and 8B are sectional views of a front panel 

of the PDP of Embodiment 4; 

FUs. 9A and 9B are simplified sectional views of a 

PDP of Embodiment 5; and 

Fig . 10 is a simplified drawim, of a plasma thermal 
spravin, apparatus used for tormina a dielectric layer and 
partition walls of Embodiment 5. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

~t t-hp preferred 
The following is a description of the 

embodiments of the present invention. 

{Embodiment 1> 

Fig . 2 is a perspective view of the AC PDP of the 

Fia 3 is a sectional view in the 
present invention. lig- 

• 9 pin 4 is a sectional 

direction of the arrow X in Fig. 2. Fig. 

view in the direction of the arrow Y in Fig. 2. 

Though each of the drawings shows only three ceHsfor 
asimP lified description, a PDP i nc 1 ude s a numh e r of cells 

rn nr blue (B) light. 
■ ror l (R) green (G), or uiu 
which each emit red tK;, y 

A s snown in toe drawing, the Present PDP includes: a 

1 2 



8U .bstr»te 1 1 -ith discharge electrodes Cdisplav 
t Uc tr .d. S , 12 .ad, of silver, a -.t.lllc o.ide la y er 13a. 

llJldi .,c lt ;c,, s tok 20 " hich 

+- ^ 91 with address 
U ,.d« UP of the back 9 lass substrate 21 

extrudes 22. a metallic oxide laver 23a. a dielectr.c 
gl ass laver 23. Partition wa^s 2,. and R. G . " « 
£luo rescent substance laver 25. where the front pane! 10 
an d the bac* Panel 20 are bonded to-th.r. Discharge 

a k v tha front panel 10, the 

spaces 30, which are sealed by the 

. • , llq 94 are charged with a 

back Panel 20, and partition walls 24, 

«f PHP is made as follows, 
discharge gas. The present PDP 

ProducJng_thj L _F^^ 

, , .anel 10 is made by: forming discharge 
The front panel iu 

a ^ 1 ? on the front glass 
electrodes (display electrodes) 12 

-tripes- then covering the 
substrate U to resemble stripes, 

12 and the front glass substrate 11 
display electrodes 12 and 

„UH the metallic .* - with the CVB .ethod; 

th en for m i„, the dielectric 9 lass la.er 13 of a fll ». 

. n , e ; s 10 or more on the 
serial whose dielectric constant 

■a ^ «r 13a- and forming a protecting layer 
metallic oxide layer 13a, 

14 on the dielectric glass layer 13. 

. t . nf the production of 
The following is a description of 

19 with the photoresist method, 
the discharge electrodes 12 with 



with reference to Fig. 5. 

* Photoresist is aPPUed onto the front .lass 
substrate U to for, a layer having a thinness of 5... 

(see (II) in Fig. 5). 

Only the Parts of the photoresist located where the 
discharge el ectrodes 12 are to be forced is exposed <see 
„„, in FU. 5). The photoresist is developed and the 

i o t- i<! removed (see (IV) in 
exposed Parts of the photoresist is remov 

Fig. 5) . 

» silver electrode paste is transferred with the 
screen printin, method onto the Part of the front 3 lass 
substrate U. where the photoresist has been re.oved Csee 

CV) in Fig. 5) . 

«ter bein 3 dried. the re.ainin, photoresist is 
reeved fro. the slass substrate 11 with a recover or the 

h , kpd to form discharge 
like. The applied Ag is baked 

electrodes 12 (see (VI) .in Fig. 5) . 

n i p 1 e c t r i c Glass__Uxer^ 



P^qdA^cj^^ 

and Protect! ng^ J^jayex 



the me 



• • „ nf the production 
The following is a description of 

• , l *- u & fVD method, w 

tallic oxide layer with the CVD 



of 



i t h 



reference to Fig. 6 . 

~f i-hP CVD apparatus 
implified drawing of the ovu 



Fig. 6 is a s 

14 



~ i^p, and 23a and the 
for forming the metallic oxide layers 13a 

protecting layer 14 . 

ur* + h thermal CVD and 
The CVD apparatus can perform both 

4. ,„ i<\ is provided with a 
Plasma CVD . The CVD apparatus 45 

Heater 46 for heatin, the — trate 47. the 

fr ent substrate U «ith the dischar 9 e eiectrodes .* 

and the dieiectric ia.er !3 in Pl„. The pressure .n 

the CVD apparatus 45 can he reduced bv an exhauster 49. 

Af< for producing plasma is also 
A high-frequency power 48 for pro 

provided in the CVD apparatus 45. 

The Ar gas cylinders 41a and 41b supply - - being 
acarrier lnto th . CVO apparatus 45 through the bubblers 

42 and 43 . 

, chelate or alkoxide 

The bubbler 42 stores heated metal chela 

co-pound as a source m a t e r i a 1 o f t h e 

By sending *r gas fro, the Ar gas cylinder 4 1 a , t h e s o u r c e 

j - s S ent into the CVD apparatus 
material is evaporated and is sent 

45 . . _ 

Th e bubbier 4 2 stores a compound. such as x.n 

arotvlacetone 
tv <c H O ) ) zirconium acetyl* 

acetylacetone ( Zn CC 5 H 7 0 2 ) 2 , 

■ n acetylacetone (Mg <C 5 H-,0 2 ) 2 > 
(Zr (C 5 H 7 0 2 ) 4 ) , magnesium acety 

<- t • c r H 0 ) ) TEOS (Si (0 ' C 2 H S ) 4 ) 
o^ D i-vl are tone (T l (C 5 H-,U 2 -> 4 
titanium a c e t y l a c e u u 

,n wr H O ) ) , aluminium 
■ • ^inivaloyl methane CM <C, ,H 19 0 2 ; 3 J 

aluminium dipivaioyj. 
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fll (C H 0 ) ) chromium ac e ty 1 a c e to ne 

acetylacetone ( A 1 C <- 5 H 7 u 2 > 3 >, 

( C,(C,H A '.'. " a mixture of these materials. 

The bubbl.r 43 stores a magnesium compound which is a 
materia! of the protecting iayer. The magnesium compound 

— acetylacetone (Mg (0,11,0,) ,> or 
is. for instance, magnesium acetyls 

cyclopentadienyl magnesium (Mg<C s H 5 > 2 >. 

The oxygen cyUnder 44 supplies reaction gas. namely 
oxygen (0,). into the CVD apparatus 45. 

When the metallic oxide layer 13a is formed with the 
thermal CVD using the CVD apparatus, the glass substrate 
47 is Placed on the heater 46. with the surface having the 
electrodes losing upward. The glass substrate 47 rs 
beated to a p r e de t e r m r n e d temperature <««.•« and. at the 
same time, the Pressure in the apparatus is reduced to 
under 100 Torr by the exhauster 49. 

The *r gas cylinder 4,a sends *r gas to the bubbler 42 
„ hil e the bubbler 4 2 heats metal chelate or al.oxide 
compound to a predetermined temperature and the oxygen 

cylinder 44 supplies oxygen. 

. i Opiate or alkoxide compound 
By doing so, the metal chelate 

ak r-oarfj with oxygen so that 
sent into the CVD apparatus 45 reacts 

the gallic oxide layer 13a is formed on the surface of 
th . glass suostrate 47 on which the electrodes have heen 
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formed. 

On the other hand, when the metallic oxide l.y.r 13a 
is for ,ed with the P llS » CVD usin, the CVD apparatus, a 
similar operation to the case of the ther.a! CVD is 
performed. However. in this ease, the 

pnwer 48 is al so driven to Produce plasma. The .etaU.c 
oxide Wer 13a is for.ed bv aPPlvin, 

e l6 ctric field of :3.56MHz while Plas.a is produced in the 

CVD apparatus 45. 

By doins so. the metallic oxide layer 13a is ,ade of 

. i / 7nn 7 r n ) titanium 
a metallic oxide, such as zinc oxide (ZnO, Zr0 2 ), 

■a fii O ) silicon oxide 
oxide (Ti0 2 ), aluminium oxide CA1 2 U 3 ;, 

• i rMaO) or chromium oxide (Cr 2 0 3 >. 
(SiO z ), magnesium oxide (MgUJ . 

By for.ins the „»..>« oxide layer 13. with the thecal 
or P las B a CVD method as described above, the ..t.ll.c 
oxi de 9 ro„ slow!y on the 3 lass substrate and the surface 
of the electrodes. Therefore, even if the surface of the 
erectrodos have promotions and depressions, the ..t.U.c 
exide 13a is denseiv forced .1™ Projections and 

depressions on the surface of the electrodes. Th>s 
tetanic oxide iayer 13a has hi^rade adhesiveness and 

■ i n f the d ischarge 
• 4_ u Arr the material or m c 
wettability with Ag , the 

tetrodes 12. so that there are no bubbles in the 
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metallic oxide layer 13a. 

This metallic oxide has a characteristic that OH 
gro ups exist thereon so that OH groups exist on the 
..t.llic oxide layer 13a. As a result, the dielectric 
g ,ass layer 13 forced .« the ..t.llic oxide layer !3. has 

good wettability. 

Note that the thickness of the ..t.llic oxide layer 
13. is preferably set to 0.1-10,... in Particular to 0.1- 
2um. It is preferable to for, the metallic oxide layer 

13a to have an amorphous structure. 

1^ made of glass having 
The dielectric glass layer 13 made 

f*„t 6 of 10 or more is formed on the 
dielectric constant e or iu 

metallic oxide layer 13a. 

A material of the dielectric g lass layer 13 is !ead 
oxide glass, bismuth oxide B 1 a s s . or the like. 

The composition of the lead oxide 3 las = is. for 

■ > „ mixture of lead oxide <PbO) . boron oxide 

instance, a mixture u>. 

■a~ fQin ) and aluminum oxide CA1 Z 0 3 ). 
(B 2 0 3 ) , silicon dioxide (SiO,J , anQ 

* m D hiqmuth oxide glass is , for 
And the composition of the bismutn 

• j ^nin^ zinc oxide 
instance, a mixture of bismuth oxide CBi 2 0 3 ), 

•H« (BO) silicon oxide <Si0 2 ), and 
(ZnO) , boron oxide (B 2 U 3 ; , £> 

calcium oxide (CaO). 

By addin, TiO, to the .1... composition described 

18 



above, it is poss 



ible to further improve the dielectric 



cons t an t e . 

a Tin is set to 5% or more by 
When the amount of added Ti0 2 is sec 

weight, the dielectric constant e is notic.blr proved 
an d it is easy to obtain the value 13 or .ore as « <see 
Table 1). However, when a content of TiO, exceeds 10% by 

, ;1i . v n f the dielectric glass 
weight, the light permeability of tne 

«n that it is preferable to set the content 
layer declines so that it 1 & ^ c 

of TiO, in a range of 5 to 10% by weight. 

The dielectric glass layer 13 is forced by Producing 
. dielectric glass paste by fixing Powder of a glass 
serial and organic binder, then applying the Paste on 
th . surface of the .eta!lic oxide layer 13a with the 
scr een Printing .ethod. and baxin, the applied Paste <at 

540°C, for instance). 

R3 described above, the discharge electrodes 12 are 
1V ered with the metallic oxide layer 13a .ade of a ..t.l 

;ist. Therefore, the surface 
,od wettability with 



c o 

on whose surface OH groups ex 
of the metallic oxide layer 13a has go, 

n dielectric glass layer which does 



glass so that an eve 



not include bubbles is formed. 

, ,. the thickness of the 

In the present embodiment, the 

i * i «, set to 15um or less which is 
dielectric glass layer 13 is set 

19 



thinner than conventional layer. This is because the 
panel brightness is improved and the discharge voltage is 
reduced as the dielectric glass layer 13 is thinner. 
Therefore, it is preferable to set the thickness as thin 
as possible within a range where withstand voltage does 
not decrease. This is described below. 

On the assumption that the area of the display 
electrodes 12 is S, the thickness of the dielectric glass 
layer 13 d. the dielectric constant of the dielectric 
glass layer 13 e. and the electric charge on the 
dielectric glass layer 13 Q, the electric capacity C 
between the display electrodes 12 and the address 

j u„ 1- v. o following formula 1: 
electrodes 22 is expressed by the toiiowiiy 

<F o r mu la 1 > 
C=eS/d . 

On the assumption that the voltage applied between the 
display electrodes 12 and the address electrodes 22 is V 
and the electric charge on the dielectric glass layer 13 
on the display electrodes 12 is Q. the relation between V 
and Q is expressed by the following Formula 2: 

<Formula 2> 
V=dQ/eS 

i „ pi pctr ic conductor 

where the discharge space becomes an electri 
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because the discharge space is in a 



plasma state during 



discharging. 

It is apparent from Formula 1 that as the thickness d 
bacon.es thinner, the electric capacity C increases. It is 
apparent from Formula 2 that as the thickness d becomes 
thinner, the discharge voltage V decreases. 

More specifically, it is apparent that, by forming a 
thin dielectric glass layer. the electric capacity 
increases and the discharge voltage decreases. 

The protecting layer 14 made of MgO is formed on the 
dielectric glass layer !3 with the CVD method, namely the 
thermal or plasma CVD method. 

More specificaHy. the protecting !ayer made of MgO is 
formed with the CVD apparatus and the same method as that 

. j i^xroT- nqincr the material 
for forming the metallic oxide layer, using 

in the bubbler 43. 

The steps d e s c r i bed a b o V e Produce a magnesium oxide 

« 4- -a t- i n n including 
i r uUh (100) -face orientation, in ox 
protecting layer with uuu; 

(2 00)-face orientation and ( 300>-face orientation, or a 

ium oxide protecting layer with (110>-f.o. 

magnesium oxiae ^j.^ 

orientation. 

Produc j n g _Baxjc^aj^e_l_ 20 

On the surface of the back glass substrate 21. an 
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address ...ctr.de. 22 are formed with the photoresist 
method, namely the S »» method used to for, the discharge 

electrodes 12. 

As in the case of the production of the front Pane! 
,0. the metallic oxide laver 23a is formed on the address 
el ectrodes 22 with the CVD method. The same glass as 
that used for forming the diejectric glass layer 13 is 
screen Printed and bated on the metaHic fl lass laver 23a 
to produce the dielectric glass layer 23. 

The partition walls 24 made of glass are attached onto 

ii uit-h a predetermined pitch, 
the dielectric glass layer 23 with a P r 

ot; ar-fi formed by 
The fluorescent substance layers 25 are 

„f a red <R) fluorescent, a green CG> 
inserting one of a rea 

a * blue (B) fluorescent substance into 
fluorescent, and a blue 

^ • «. • „ w^Tls 24 Though any 
each space between the partition walls 

fluo rescent substance generally used for PDPs can be used 
for each color, the Present e.bodi.ent uses the following 
fluorescent substances: 

(Y fid ) BO, : Eu 3 + 
red fluorescent substance (Y »° d >-' 

green fluorescent substance Zn 2 Si0 4 :Mn 
bl ue fluorescent substance B.MaAl 10 O 17 :Eu" or 

BaMgAl 14 0 23 :Eu 24 
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Panel 20 

A PDF is made by bonding together the front panel 10 
and the back panel 20, which are produced as described 
above, with a sealing glass, at the same time excluding 
the air from the discharge spaces 30 between the partition 
walls 24 to high vacuum (8X1 D-Tor r > . then charging a 
discharge gas with a certain composition into the 
discharge spaces 30 at a certain charging pressure. 

In the present embodiment, the pitch of the partition 
W alls 24 is set to 0.2mm or less and distance between the 

i - h oq 1? is set to 0.1mm or less, making 
discharge electrodes 12 is set 

c «- „ /tn-inrh high - vision 

the cell size of the PDP conform to 40 inch 
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The di.char.e is composed of He-Xe 0 as which has 

bean used conventionally. However, the amount of Xe is 
set to 5% bv volume or -ore and the charging Pressure to 
the ran„e fro. 500 to 760Torr to throve bri 3 htness of 



cells 



The PDP constructed as described above has the 
dielectric ol ass 13 whose thickness is thin so that 

the discharge voltage decreases and the load on each 
component of the Panel durin, the operation is reduced. 
Ea ch electrode <the display dectrodes 12 and the 
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a c 9?^ is covered finely with the 
address electrodes 2Z) is covei« 

dielectric lav*" » or 23 via the metallic oxide 

iayers 13a or 23a. with there being a significant 
reduction in bubbles in the dielectric glass layers 13 and 
23 . 

As a result, the withstand voltage is increased even 

i i o ; 0 formed as a thin 

if the dielectric glass layer 13 is formed 

layer. Therefore the initial high performance, such as 

high panel brightness and low discharge voltage, can be 

maintained after Jong-term and repeated use and a reliable 

PDF with a thin dielectric glass layer can be produced. 

,„ the Present embodiment, the metallic oxide layer is 

and the dielectric glass layer is formed on the metallic 
oxide layer. However. it is Possible to aPPiy the 
.t.lli. oxide layer only to one of the front Pane! 10 and 
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r*-f a PDP w i t hout 
the back panel 20. In the case of a 

dielectric glass layer on the back Panel 20. it is 
passible to apply the metallic oxide layer only to the 

front panel 10. 

It is difficult to form a thin dielectric glass layer 
on sUver electrodes so that there is a great effect by 
ferming the metallic oxide layer on the silver electrodes 
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with the CVD method. Therefore, the present e.bodiment 
describe, the case where the discharge electrodes 12 and 

• i ni or-^rndes However, 

i „ oo aT -fi silver e 1 ecir uuu^ . 
the address electrodes 22 are suvei 

this embodiment can be applied to other electrodes, such 

as Cr-Cu-Cr electrodes. 

In the present embodiment, one whole side of each o£ 
the slass substrates 11 and 21 is coated with the metallic 
exide levers 13a and 2 3 a . . r e s Pe c t i ve 1 y . However, coat.ns 

, , 19 an H ?2 has the same 
r n c +. u ~ fi ectrodes 1/ ana ^ ^ 

only the surfaces of the eiecuLu 

effect . 

{Embodiment 2} 

The PDP of the Present embodiment is the same as that 
of Embodiment 1 except that the dielectric slass layers !3 
an d 23 are not provided and the metallic oxide layers 13a 
and 23a double as the dielectric layer. 

As stated above. in this PDP. the metallic oxide 
lay ers 13a and 23a function as the dielectric layer. 
However, if the metallic oxide layers 13a and 23a are too 
thin. the layers 13a and 23a cannot function as the 
.ie^ctric layer, so that the thinness of the layers 13a 

« nf 3Um to 50^m, preferably to a 
and 23a is set to a range of 3Vim 

range of 3Hm. to 6^m. 

Th e metallic oxide layer can be formed, for instance. 
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of bismuth oxide, cesium oxide, or antimony oxide, in 
addition to the metallic oxides described in Embodiment 1, 
which are zirconium oxide, zinc oxide, titanium oxide, 
aluminium oxide, silicon oxide, magnesium oxide, and 

chr om i urn oxide . 

As the discharge electrodes and the address 
lectrodes, in addition to silver electrodes and Cr-Cu-Cr 
lectrodes described above, metallic electrodes which are 
conventionally used in PDPs can be used. 

When the dielectric layer is made of metallic oxide 
with the CVD method, as the present embodiment, a dense 
and even layer can be formed on electrode surfaces which 
include projections and depressions. 

With this method, even if the dielectric layer is 
formed to have a thickness ranging from 3Um to 6u m , which 
is considerably thinner than a conventional layer (20u m to 
30Hm>, a flawless dielectric layer is formed, preventing 
the dielectric breakdown. 

When the dielectric layer is formed by applying and 
baking a material of the dielectric layer according to the 
conventional method, a glass including lead oxide is used 
to prevent the baking temperature from rising too high. 
However, when the metallic oxide layers 13a and 23a double 
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as the dielectric layer, as the 'present embodiment, a 
dielectric layer not including lead oxide is formed. 

The metallic oxide layers 13a and 23a are formed with 
the CVD method which is the vacuum process method, so that 
the dielectric layer can be formed without a step of 
baking. Therefore, even if a thin glass substrate is 
used, warping and cracks in the dielectric layer due to 
thermal distortion is reduced during baking. 

It is also possible to form a magnesium oxide 
protecting layer on the surface of the metallic oxide 
layer which, as described above, is formed with the CVD 
method and doubles as the dielectric layer. If the 
metallic oxide layer and the protecting layer are formed 
successively using the CVD apparatus described in 
Embodiment 1, a high-quality Protecting layer can be 
formed because the interface surface between the metallic 
oxide layer and the protecting layer is formed without 
coming into contact with air. 
(Example 1 ) 

PDPs in Table 1 are produced according to Embodiments 
1 and 2 . 

PDP Example Nob. 1-8, 12, and 14-20 are produced 
according to Embodiment 1, where the discharge electrodes 
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and the address electrodes are silver electrodes. PDF 
Example Nos. Ml, 21, and 22 are produced according to 
Em bodiment 2 and the discharge electrodes and the address 
electrodes are Cr-Cu-Cr electrodes. 

• Tahle 1 the dielectric glass layers 13 
As shown in Table l, tI1B 

and 2 3 of PDF Example Nos. !-8. and 12 are »de of passes 
based on P b0 -B I 0,-S10 I -TiO I -M,0 I . Tne di.UcUic constant 

a r^nae of 10 to 20 because of 
e of the glasses varies in a range 

~o;tinn The thicknesses of 
the differences in glass composition. 

10 „a 9^ are set to a range 
the dielectric glass layers 13 and 23 are 

of 5li m to 14u m . 

Ho-Xp mixture gas including 5% 
The discharge gas is a He-Xe mixtur 

■aht of Xe and the charging pressure is set to 
by weight or Ae emu. 

600Tor r . 

1 ^ *nd 23 of POP Example 
The dielectric glass layers 13 and 

Nos 14 -20 are made of glasses based on B i 2 0 3 -ZnO-B z O 3 -S i0 2 ~ 
CaO-Ti0 2 . The dielectric constant of the glasses is set 

f 12 to 24 The discharge gas is a He-Xe 
to a range of 12 to z*. 

• u*- of Xe and the charging 
fixture gas including 7% by weight of Xe 

Pressure is set to 600Torr. ^ 
The following condition is common to al 

Examp 1 e Nos . 1 -24 . 

u a +*nres are used for the 
The following fluorescent substances 
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fluorescent substance layers: BaMg A 1 ,.0„ : Eu- is used as 
bl ue fluorescent substance. Zn,Si0 4 :Mn as .reen 
fluorescent substance; <Y.Gd,..> BO, : Eu- as red fluorescent 
substance, where the average Particle diameter of these 

substances is 2 . O^m . 

11 * of PDPs is set as follows to conform to 
The cell size of rvFs is b e u 

42-inch high-vision TVs , the height of the partition walls 
24 is 0.15™. the distance between the Partition walls 24 

{C .U Pitch, 0.15mm. and the distance between the 
discharge electrodes 12 0.05mm. 

The MgO protecting layer 14 is formed with the plasma 

CVD method using magnes.um a c e t y 1 a c e t on e (Mg (C 5 H,0,) ,> . 

The Plasma CVD method is performed under the condition 

th at the temperature of the bubblers is 125-C and the 

heating temperature of the glass substrate 47 is 250-C. 

Rr gas and oxygen are sent onto the glass substrate 47 for 

c 1 0 /m i n and 2 J / m 1 n , 
one minute at the flow rates of H'.'" 

respectively. The Pressure in the CVD apparatus rs 
.educed to lOTorr. and the h i g h- f r e guen cy electric field 

, . i -a +- ^OOW for 20 seconds, 
of 13.56MHz is applied at 30UW 

«. • n i a ver 14 is formed at a rate of 
The Mgo protecting layer 

0 l,im/n.in to have a thickness of l.Ojim. 

With the X-ray analysis of crystal orientation of the 
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MgO protecting layer formed as described above. it is 
confirmed that each Example has (lOO)-face orientation. 
(Examples for Comparison 1) 

PDP Example Nos. 13 and 24 are examples for comparison 
and are made in the same way as PDP Example Nos. 12 and 23 
except that the electrodes are not coated with the 
metall ic oxide layer . 
(Exper iment s ) 

(Exper iment 1 ) 

PDP Example Nos. 1-24 produced as described above are 
discharged on a discharge maintenance voltage of about 
150V with a frequency of about 30KHz and the panel 
brightness (the initial value) is measured. The 
experimental results are given in Table 1. 

(Expe r i men t 2) 

Twenty PDPs are produced for each of Example Nos. 1-24 

nd subjected to the accelerated life test. 

In th e accelerated life test, each of the PDPs is 
discharsed continuously for 4 hours under harsher 
conditions than those encountered durins ordinary use. on 
. discharge maintenance volt... ot 200V with a frequency 
of 50KH. • After the discharae. the dielectric slass 

f . c nanel are examined to check 
layer and other parts in the panel 
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t b e state of the Panel, such as the problems whit the 
withstand voltage of the panel, and the number of faulty 
panels is counted out of the twenty PDPs . The 
experimental results are also given in Table 1. 
(Exam i nat ion) 

- • PHP has a panel brightness of 

While a conventional fUf nas * v 

m„-\ t; - s 1 9 97 , P 1 06) , 
400cd/m 2 (see Nikkei Electronics Vol. 5 b. 

• „ f »i results of PDP Examples 1-24 in Table 1 
the experimental results o j- 

indicate outstanding panel brightness. 

This is because the dielectric glass layer is thin and 
the charging Pressure of the discharge gas is high, in 
comparison with the conventional PDP. 

L ■ u* « nf the PDP Example 13 is lower 
The panel brightness of the rur 

than other PDP Examples. This may be because the 
thickness of the dielectric layer of PDP Example 13 
2 0um. whereas the thicknesses of the dielectric layers of 
the other PDP Examples are 15um or less. 

It is apparent from the result of the accelerated life 
t est that PDP Examples 1-12 and 14-23 have outstanding 
withstand voltage though their dielectric g!ass layers are 

thinner than PDP Examples 13 and 24. 

These results show that by coating the electrodes with 

the metallic oxide using the CVD method, the thickness of 
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the diametric glass layer can be ..t to 15um or less 
which is thinner than a convention layer, so that it is 
possible to improve the panel brightness and the withstand 

voltage. 
{Embod iment 3} 

Figs. 7A and 7B are sectiona! views of the front Panel 

of the PDP of the present embodiment. 

In FU.7A. the element 51 is a front glass substrate, 
th. elements 52 display eiectrodes. and each of the 
display electrodes 52 is composed of the transparent 
electrode 53 and the metaHic electrode 54. The metall.c 

t-han the transparent 
electrode 54 has a narrower width than 

eiectrode 53 and is Placed on the top of transparent 
el ectrode 53. The element 55 is a lower dielectric layer. 
t „e element 56 an upper dieXectric layer, and the element 
57 a protecting layer. The display electrodes 52 are 
coated With the dielectric layers 55 which is further 
coated with dielectric layer 56. 

Although Fig. 7* does not show the bac k Panel, the PDP 
of the Present embodiment includes a conventional back 
panel which is a bac, P anel that has address electrodes, 
partition walls, and fluorescent substance layers on .» 

u * «- The PDP is constructed by bonding 

back glass substrate. The YVV 
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together the front panel and the back panel, and charging 
a discharge gas (neon 95% and xenon 5%) into discharge 
spaces formed between the front and back panels. 

The front panel in Fig. ™ is produced as follows: the 
transparent electrodes S3 are formed on the glass 
substrate 51 using a ,.1.111. °*ide material, such as tin 
oxide and indium tin oxide CITO); the metallic electrodes 
54 are formed on the transparent electrodes 53 by Printing 
», material on the transparent electrodes 53 or by 
depositing Cr. Cu . and Cr. in that order. onto the 
transparent electrodes 53; and the lower dieXectric layer 
55. the upper dielectric layer 56. and the protecting 
layer 57 are formed on the met.Hic electrodes 54 in that 
order . 

kg. i c. formed by applying 
The lower dielectric layer 55 is forme 

and baking flint glass (lead glass). 

The upper dielectric layer 56 is made of a metallic 
ox ide such as zirconium oxide, titanium oxide, zinc oxide, 
bism uth oxide, cesium oxide, and antimony oxide, with the 
vacuum Process method, such as the EB evaporate, 
sputtering, or CVD method. 

The following description explains a case where a 
titanium oxide layer is formed as the lower dielectric 
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layer 55 with the CVD method described in Embodiment 1. 

using titanium chelate as the source material, considering 

safety, material cost, and reactivity with a substrate. 
A magnesium oxide layer is also formed as the 

protecting layer 57 with the CVD method. 

The dielectric layer 56 and protecting layer 57 are 
formed successively with the CVD method. More 
specifically, the front glass substrate 51 with the 
display electrodes 52 is placed in the CVD apparatus and 
the dielectric layer 56 and then the protecting layer 57 
are formed on the display electrodes 52. 

i ^f, anrf the protecting layer 57 

The dielectric layer 56 ana tne vs. 

n ; CVD method so that the 

are formed successively with the CVU 

mixl n g of dust in air into the layers and adsorption o £ 
oils and fats and nitrcen on tha surface of the 
dielectric layer 56 are prevented. As a result, the 
interface surface between the dielectric layer 56 and the 
pr otectin 3 iayer 57 1. finely bonded and a fine coat. 
„hich is resident aoainst Peels and cracks, can be 
obtained. 

• it- 7R the above PDP can be produced by 
As shown in Fig. 7B, the aDove 

t „ q k S6 with a thickness of 
forming the dielectric layer 56 witn 

_i R/i tjif-h the vacuum 
several u m on the metallic electrodes 54 with 
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. , (the CVD method) without the lower 

process method tine 

. -i cc The PDP in this case has the same 

dielectric layer 55. lft© rur 

structure as that of Embodiment 2. 

-i « tt i t h the vacuum 

By forming the dielectric layers with 

,k r\ ^ described above, various materials 
process method as aescriuc^ 

having a high refractive index and a good spectral 
tra nsmittance can be used in comparison with the case 
wh ere the dielectric layers are formed in air. 

For instance, when the thinness of the magnesium 

*l is set to 500nm and the upper 
oxide protecting layer 57 is set 

, ■ a~ n f nne of aluminium oxide, 

dielectric layer 56 is made of one 

u ; f h a thickness of 
silicon oxide, and magnesium oxide, with 

the spectral transmittance of the front panel 

5^m or more, the specimen 

can be improved to 90% or more. 

{Embodiment 4} 

Fi3 s. B* and BB are sectional views of the front Pane! 

Aq is the case with 
cf the PDP of the present embodiment. As 

4- £1 ic. a glass 
and 8B. In the drawing. the element 61 

ub strate. the — « — electrodes, the element 

^.nH the element 66 
of flint glass, and tne 



s 

65 a dielectric layer 



a MgO protecting layer. 

, in Fig 8A, the display 
front panel in fig. 



With the 
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electrodes 62 have . structure where the oxide coat 64 is 
forced on the surface of the ..1.111. electrode 63. and 
th ese display electrodes 62 are coated with the dielectric 

layer 65. 

The front Panel having the structure shown in Fi 9 . 8A 
is reduced by for.in,. on the B lass substrate 61. the 
..t.Uic eXectrodes 63 usin 9 such a .eta! as for.s an 
oxi de coat on its surface, then oxidUin, the ..t.U.c 

. , c a nn the surface of 

electrodes 63 to form an oxide coat 64 on 

c-x ,nH nrinting and baking flint 
the metallic electrodes 63, and printing 

rA *■ fnrm the dielectric layer 
glass on the oxide coat 64 to form the 

65. 

Here. if the .etalHc electrodes 63 are ,ade of 
alum iniu m or tantaiu. and are subiected to the oxidation 
treatment with the anodic oxidation ,ethod which uses the 
metallic electrodes 63 as an anode, the oxide coat 64 can 

be formed as a dense coat. 

Tantaiu* has a hUh specific resistance so that when 
tant al u„ metallic electrodes are for.ed for a larse-screen 
display, a „etal having hi B h conductivity suchascopper 

; c electrodes to 
should be provided between tantalum „etall.c 

for™ a three-Phase structure. The eiectrodes havin, the 
thr ee-phase structure, t a „ t a i u n - c o pp e r - 1 a n t a 1 u m . can be 
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surfaces of the metallic e!ectrodes 63 are coated with 
dense oxide coat 64 so that the dielectric layers 65 hav 
. a ood wettability and the faults due to bubbles and th 
Uk. are reduced. Therefore, even if the dielectric layer 

riiplpctric breakdown can be 
65 is formed as a thin layer, dielectric 

prevented. That is. as a hi 3 h withstand voltase is 
achieved, defects due to withstand vdtaoe failure are 
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The PDP of the present embodiment has a protecting 
la yer on a dielectric layer, althoush it is possible to 
form, with the vacuum Process method, a ma 0 nosium oxide 

ur,i-h the dielectric layer 
layer as a layer functioning as both the di 

an d the protecting layer. It is Preferable to set the 
thinness of such a magnesium oxide layer to a range of 3, 
to 5\im. 

{Embodiment 5) 

f PHP and the P rodiictJ_gjnJleUic^d 
Overall Structure_ gf PDP and__tne _ 

Fig . » is a sectiona! view of the AC PDP of the 
present embodiment. Although FU. *A shows only one cell. 

nf re iis which each emit red, 
the PDP includes a number of cells 

green, or blue light. 

Note that. althouoh the dielectric layer is also 
provided on the bacK pane! in Embodiment 1. the dialectic 
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i in the present 
l aye r U not Provided on the ba=, P.n.l m 

embod iment . 

„ f ; q produced t>Y 
The PDP of the Present embodiment xa 

„1 and a back panel to form 
bonding together a front panel and a 

spaces 79 between these Plates in which a 
discharge spaces 

j The fr ont Panel is produced by 
discharge gas is charged. The 

pr „Ul„. — — CdisplaV electrodes, 

on the front glass substrate 
and the dielectric layer 73 on 

, of boroS ilicate glass including a small 
71 which is made of borosn 

■ 6 5 * or less by weight of alkali, 
amount of alkali, or 6.5. 

^ r*A bY providing the address 
The back Panel is Produced by 

• • „ a lla 77 and the fluorescent 
i h cl the partition walls ii. 
electrodes 76, the pa uhich 

%. i, substrate 75 whicn 

u , lavers 78 on the back glass sud 

substance layers /« 

iade o£ th . .....in.—"" - £ " nt 

The b orosili=ate 3 !ass • ■»■» ° 

• . /Ron'C to 670°C) and 
lka „ Has a hi 9 h distortion pent -20 

efficient (45xlO'VC to 51x10 / « 
low thermal expansion coeffioren 

, , r LCDs F „r instance, some LCDs use such 

and is used for LCDs . 

u- v. r« about 550mm x650mm in area 
ilirate glasses which are about 
borosilicax-tjy-^" - „ „ n r> 

• , (see New Ceramics No . 

j uiartronic Ceramics, 
3, 1995, and Electronic 

for instance) - 

using a borosilicate glass 
As described above, using 
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Ending . ...U .-ount c £ ar.aU as a 0l ass substrate 
decreases the warping due to the th.r... distortion of the 
gla ss substrate during the PDP production, even .f the 
th.Cn... » £ grass substrate is 2 „ or which rs 

thinner than conventional PDPs. 

. ^- the production 

dpqcription or une 
The following is a descriP 

method of this PDP. 
P J1 oducJj 1 g_J^h^^ 

, ■ produced by forming the discharge 
The front panel is produced oy 

* ^ alass substrate 71, then 
j «7 o „ n the front g i a s t> 

electrodes 72 on me 

forming thedieiectriciayer ,3 with the CVO method or the 
Pl as,a thenar spraying method to coat the front 3 iass 

no and forming the 
and the discharge electrodes 72, 

~f t-hP dielectric layer 
protecting layer 74 on the surface of the 

15 73. , 

The discharge eiectrodes 7 2 are siiver erectrodes and 

are formed by s cr e en . P r i n t i ng and baKing a sUver 

electrode paste. 

*- a the dielectric layer 
When the CVD method is adopted, the 

f », o or SiO is forced with the thermal CVD or 

73 made of A1 2 0 3 or biU 2 is 

the Plasma CVD method described in Embodiment 1. 

• n r 71 is formed with the plasma 
When the dielectric layer 73 is 

a * lead glass layer 
thermal spraying method, a lead 
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■A alass layer is formed. The description of 
phosphoric acid glass layer 

this case is provided in detail late. 

v Knrr laver 74, a magnesium oxide layer 
As the protecting layer /*, 

■ u n nni - face or ( 1 1 0 ) - 
having a dense crystal structure with (100) 

•i-v, i-hP CVD method, as in the 
face orientation is formed with the CVU 

case of Embodiment 1 • 

. . . above the temperature of the glass 

As described above, une 

sub strate can b e k e P t reiativeXv 1- - ^ " 1 "" 
^....UCUUU,, is rortted with th. CV D o, 

4-v, ^ That is the glass substrate is 
thermal spraying method. That is, 

a* 500°C or more, 
not heated to a hi S h temperature such as 

. ari3 i is pr inted and 
Hhlch is the case when the „ 1 a s s .aterral 

bak ed. so that .... to the — »° h " 

BirP i M . due to thernai distortion is prevented. 

P r oducjjig__yLeJBa^Ji_P^^ 

7fi are formed by screen 
The address electrodes 76 are 

fnr silver electrodes on the 
printing and baking a paste for 

back glass substrate 75. 

77 are then formed. In the 
The partition walls 77 are 

■u A later the part it ion 
L j- as described later, 

present embodiment, as 

A - th the Plasma thermal spraying 
walls 77 are formed with the P 

method. 

laver 78 is formed by 
The fluorescent substance layer 
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_ XT Q ar-h rolor onto 
transferring the fluorescent substance of each 

each space surrounded by the partition walls 77. 

P X oduc_ino_the_P^ 

As is the case of Embodiment 1. the POP is formed by 
bondin9 together the front and bac, Panels to for, the 

P , 79 then evacuating the discharge spaces 
discharge spaces 79, tnen 

i ^^nina a discharge gas 
79 to produce a high vacuum, and charging 

79 at a predetermined pressure, 
into the discharge spaces 79 at a P 

m q -Yp aas is used as the 
In the present embodiment, Ne Xe gas 

discharge gas. 

Producing t h^ _Jjl_ej^£J^L_i 

• „ nf the plasma thermal 
Flg . 10 is a simplified drawing of the 

A tn form the dielectric layer and 
spraying apparatus used to form tn 

the partition walls of the PDP of the Present embodiment. 

In Fig . 10 which shows the Plasma thermal spraying 

„t 81 is a cathode, the element 82 an 
apparatus, the element 81 is 

. «, a power source, the element 84 
anode, the element 83 a power 

nas the element 86 arc 
d.c.arc the element 85 orifice gas, 

~i — the element «o a 
Plasma 3et, the element 87 a nozzle, 

11 material which is subjected 
dielectric or partition wall materi 

• „ and the element 89 a dielectric 
to the Plasma spraying, and 

material supplying port. 
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Fig 10 shows a case where the partition walls are 
£ „„d bv Performing the plasma thermal sprang ..the-. 

^ ~A on the glass substrate 
Qi Up no placed on t n « y x 
with the dry film 91 being pi 

90 which includes electrodes. However. when the 

dieXectric la.er is forced, the or, f.l- » - "«>t used 

an d the Plas.a thermal paving method is performed on the 

of the glass substrate having the 
whole surface ot the m 

tetrodes. When the dioptric iayer i s £ o r m e d u s i ng t he 
■plasma thermal spraving apparatus described above, the 
glas s substrate having 

plac ed in the Plas.a thermal sprang apparatus and the 
pressure in the apparatus is reduced to 0.2Torr. 

a with the electric field 
The d.c.arc 84 is produced, with 

i o-i ^ n A the anode 82 
being applied between the cathode 81 and 

a* At the same time, the orifice 
using the power source 83. At 

A^r*n *rc plasma jet. 
85 or Ar gas. is sent to produce arc 

THedidectric materia! 88 is supplied fro. the Powder 
sopplylM P ort8 9 and the therma! sprang no^leBV moves 
ac ross the glass substrate to form 

Powder o £1 ead glass or Phosphoric a c i d g 1 a s s i s us ed 

• i Rfi the powder having the 
as the dielectric material 88, 

.fficient in a range of 45xlO"VC to 
thermal expansion coefficient 

• „f 7fin°C to 720°C. 
SOxlO-VC and a softening point of 700 



gas 
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■ • ~ nf t-he production of 
The following is a description of the P r 

wa na using the plasma thermal spraying 

the partition walls usmy 

apparatus described above. 

• c . in the dry film 91 having the 

As shown in Fig. 10, the 

opening 92 at the place, where the Petition wall* are to 
be produced U praeed on the 0 !ass substrate 90 havin, the 
lectro des thereon, the drvfU." be , n 9 a pho t o s e n s i t i V e 
rlfi l..r other m asK bavin, opening as described above. 
Th e drv fil- » .nd the ,lass substrate 90 are Piaced ■» 
t he Plasma ther.a! spra,in fl apparatus and arc pras.a ,et 

• thP case of the production of the 
is generated as is the case 

dielectr ic layer . 

• i rr i «, supplied from the 
The partition wall material 88 is 

i- 89 and the thermal spraying nozzle 
powder supplying port 89 and 

• „«, 9? on the glass substrate to 
87 moves along the openings 92 on 

The dry film 91 or a mask is 
form the partition walls. The 

then r emo ved . 

•H 6 (Al 0 ) or mullite (3A1 2 0 3 " ZS i0 2 ) is 
Aluminium oxide (Al 2 u 3 ; 

the partition wall material 88. 

i ^ r ; u o ^ a case where 
While the Present embodiment describes 

walls 77 and address electrodes 76 are 
the part it ion wal is / / 

v, „ehpr it is also possible to 
, . „, r:i i ipl to each other, in- 
formed in parallel t <-> 

llq 77 and the address electrodes 76 
form the partition walls 77 and 



used as 
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u nfUr with the plasma thermal 
perpendicular to each other witn 

spraying method. 

The' back Panel of the Present embodiment is not 
provided with the dielectric layer, although the back 
pa nel can also be provided with the dielectric layer, like 
Embodiment 2. When the back panel is also provided with 
a dielectric layer, both the dielectric layer and the 
petition walls can be formed without baking so that 
warping will not often be caused even if a thin back glass 



roduction of the back panel, the 



substrate is used . 

When, during the p 

i • *■ u Vi o TVD or plasma 
dielectric layer 80 is formed with the 

thermal sPrayin, method after the partition walls are 
formed with the Plasma thermal spraying method, the Panel 
can also have such a structure where the dielectric layer 
80 coats the whole surfaces of the partition walls, as 

shown in F ig . 9B . 

The partition walls are formed with the plasma thermal 
spraying method tend to be porous, in comparison with the 
partition walls formed with a conventional production 
Bethod . With such Porous partition walls, the PDF may 
deteriorate due to out-gas from the partition walls to the 

. This out-gas can be prevented, however. 

discharge space. Ihis oui y a 
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of the partition walls are coated 
if the whole surfaces of the par 

~i ..ir. uver as shown in Fig- 9B. 
with the dielectric layer 

f the Present Embodiment and the Conventional 
(Comparison of the Present m 

Method in Terms of the Effect) 

a nnrl the dielectric 
When a conventional method is used and 

i a rrlass whose thermal 
lay er is forced by Pri»t 1M iead 

■ • „ range of 80xlO"VC to 83x10 
expansion coefficient is in a range 

,,c and baKing at 500-600-0. crac.s tend to occnr to the 
Metric 1«« b V ther.ai distortion due to different 

fficients of the materials. Cracks 
thermal expansion coefficients 

T ^iT^ due to thermal 
also tends to occur to the partition walls 

, they are formed by aPPlvi- and baking a 
distortion when they are 

..rial with a conventional method, 
glass material wh« 

* small thermal expansion 
Even if a glass having a small 

• i nf the dielectr ic layer 
coefficient is used as a material of 

ii cracks and warping tend to occur to 
and partition walls, cracks 

d the partition walls during 
th e dielectric layer and the P 

rh alass has a high softening 
oaking. This is because such glass 

the softening point of a glass, 
point For instance, the 

fficient is 50X10-VC or less, 
whose thermal expansion coefficient 

is 700°C or more. 

„f the present 
in the case of tne v 
On the contrary, as in tn 

=.t-v for the conventional 
8 , bo di.e. t . ba.in, which is necessary 
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a fnr the method in which 
*-Ur,A iq not required tor trie 
printing method is not 

^ with the CVD and plasma 
the dielectric layer is formed with 

' . • e pre formed with 

spraying method, and the partition walls 

Therefore, the glass 

the plasma spraying method. 
ubslIlt , the — »- ^ -" titi0n " a118 

re B8t hsa ted to . M.h te„erature. sue, as to 500-C or 

f a POP so that the thermal 
more , during the production of a PDP so 

• • the glass substrate, the dielectric layer, 
distortion in the glass 

and th . Partition L «« — " du " d ' *" ' 

result . s » i £ th. 9 - — " thi - """" ° 

H .racks in the dielectric layer and 
the glass substrate and cracks in 

-i -i o r- a n be prevented, 
the partition walls can De p 

i cc including a small amount ot 
Using a borosilicate gi 

lkallas t h e flla ss substrate, which — 

pension coe„icie„t than convention. - «>»" 

„ f thp glass 
,h^1y the warping of tne a 
t- r, m n r p effectively t- m= 
prevents more « j- j- 

f rncks in the dielectric 
substrate and the formation of cracks 

layer and the partition walls. 

i„raP amount of energy 
This method does not consume a large 

4-^ o n o r a v saving. 
ln a kiln, and so »i» contribute, to enera* 

(Example 2) 

T3 ui ft q 2 and 3 are 
ExamPie PDP Nos. 25-32 shown in T.bles 

c T^ble 2 shows the 

formed a ccordi„ 0 to Embodiment 5. T.ble 
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characteristics of the alass of each POP and 

Table 3 shows the conditions for product the dielectric 
la yer. the protects layer, and the partition walls, and 

their experimental data. 

• t hie 2 Example PDP Nos. 25 and 26 use 
As shown in Table L, uxampj. 

i a- alkali (where OA-2 is the product name 
OA-2 not including alkali iwnem 

0 f Nihon Electric Glass «... Nos. 27 and 28 use BLC 

product »,.. of Nihon Electric Glass co.KNos. 29 and 30 

, , f „ hpre NA45 is the product 
use NA45 not including alkali (where " 

^ Nns 31 and 32 use NA35 not 
name of NH Techno Glass co.), Nos. 

.„,,- • th p product name of NH 
including alkali (where NA35 is the Pro 

Techno Glass co . ) . 

The thickness of each 9 lass substrate is set in , 

r an„e of 0.1.. to 1.5mm. as shown in Table 2. 
p^ jnrlna the Diele ctric LjLXgX 

The thickness of each dielectric layer is set to 20um. 
The dielectric layers of Nos. 25, 27. 28. and 30 are 
formed with the Piasma thermal sprayin, method. 

For No. 25. ar 3 on <Ar> is used as the orifice 0 as and 
J11!S powder include 

„„ os e softenin, Point is 720-C and thermal elusion 
coefficient 45xlO-VC. is used as the dielectric mater.al. 
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The condition for f.r-l.n, the dielectric layers is that 
plasma :et i. derated with 5KW of electric Power and the 
Pl , 8 „ a .'pravin, I. Performed for 10 minutes. 

„f Nn 27 is formed under the 
The dielectric layer of No. 

aboV e conditio. except that ^der includin, 

,00-C and therma! expansion coefficient SOxlO'VC used 

i ~ Thp dielectric 

as a material of the dielectrrc layer. The 

r- a nnrlpr the same 

layers of Nos. 28 and 30 are formed under 

and 27 except for 
condition as that for Nos. 25 and 

composition of the glass material. 

n f No 26 is formed with the 
The dielectric layer of No. 

• • Jinivaioyl methane 

thermal CVD method. Alumxn.um dxpivaloy 

CMCC^O,),)!. used as a source material of the 

di electric layer and the t e m P e r a t u r e o f the huohler is set 

a tnP heating temperature of the glass 
to 125°C and the neatiny 

substrate to 250°C. 

l „ f Al 0 is formed under the 
The dielectric layer made of A1 2 0 3 

n that A: gas and oxygen are sent at a rate of 
condition that y * » 

lf ,min and 2,/min. respectively, for 20 minutes and the 
coat formin, ratio is adjusted to l.Oum/min. 

The dielectric layers of Nos. 28. 3,. and 32 are 
formed with the Plasma CVD method. The dielectric >»- 
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3M,0,.2S 1 O 1 . are t .r..d under the conditio. that 

raiCCHO),) or TEOS is used as a 
aluminium a c e t y 1 a c e t on e ( A 1 C C 5 H,U 2 3 

sour ce ..«„.... 9laS s suhstrate is heated to 2 50-C. 

the pressure in the reactor .. reduced to i.T.«. and a 

, «. • ,1 field of 13.56MHz is applied, 
high-frequency electrical field 

P^pjiucJn£_Lhj^^ 

Th e thickness of each protecting layer is set to I*- • 
The protecting layers of Nos . 25 and 26 are formed 

with the thermal CVD method under the condition that 

pqium ace tylacetone MflCC s H s ) 2 is used 
cyclopentadienyl magnesium acetyl 

as th . source ^ateriar.the ^ ^ b " b »" " 

is set to iOCC. the heatin, ° f th « 

5ent atarateor H/,in a nd 2 « / * > n . r e s P e c t i v e ! , . . o r one 

minute . 

Nos 27-32 are formed with 
The protecting layers of Nos. 

f u condition that MgCC 5 H 5 > 2 is 
the Plasma CVD method under the condi 

• i for the Plasma CVD method, the 
used as the source material for the 

of the glass substrate is set to 
heating temperature of the 

• the CVD apparatus is reduced to 
250°C, the pressure m the CVU 

i f iold of 13. 56MHz 
..T.rr. and a hi<jh - fre<3uency eiectrrcal f.old 

is applied. 
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P JL oducj JL g_U 1 e_^^ 

j ,r ; f- h the plasma thermal 
The partition walls are formed with the 

' j-,-;™ that the substrate is 

spraying method under the conditLon that 

lli[ltl .... pL... i. generated with «« — 

power, and the ,nU,» waX! materia! is sheeted to the 

Tho height of the 
[11SM sprayins for 10 minutes. The 

,,, is se t to 0.12- and the distance between 

par t it ion walls is set 

. • ll8 (cell Pitch) to 0.15mm, to conform to 

the partition walls Qceii P i 

a 42-inch display for high-vision TV. 

of Nos 25 and 26 are made of 
The partition walls of Nos. 

■ da (A10) having an average particle 
aluminium oxide <.Al 2 u 3 ; 

diameter of 5u m . 

c m 97-32 are made of mullite 

The partition walls of Nos. 27 32 

o article diameter of 5Hm . 
(3A1 2 0 3 - 2Si0 2 ) having an average particl 

, 7 ui r h are common to 
The following are other conditions which 

Nos. 25-32. . 

\ o cpt to 97x5 /cm in 
• o nf the glass substrate is set 
The size or une y ± °- 

arB a which necessary to Produce a ^ 

£luo rescent substance iayers: BaMgA 1 J0 o i7 : Eu z * is » 

7 c;n -Mn as green 
blue fluorescent substance, Zn 2 Si0 4 .Mn 

, , rp . (Y Gd ) B0 3 :Eu- as red fluorescent 
fluorescent substance, CY^a^; 



51 



10 



1 5 



• t ^iampter of these 
substance, where the average partic 

substances is 2.0um. 

Elcbf U.,.c Ml .u b .t.nc. U — ' 

4. Rnn°r to form 
pri ntina method and is baked at 500 C 
screen printing 

fluorescent substance layers. 

cj. Ye gas is used as a 
Neon (Ne) gas including 5. Xe 

a a t a charging pressure ot 
discharge gas and is charged at a 

600Tor r . , 
Th6 POPs "»"• areolar,- 

the wavelength ot 
* inKH7 to measure the 
frequency of 30KHz 

l ine s of Xe molecular with a 
ultraviolet rays. Resonance lines 

waV elength of 173nm are mainly observed. 

(Example for Comparison. 2) 

<= m ^ has the same structure as that 
The PDP of No. 33 has 

t thae the 3l ass substrate is «de of a soda 

No. 25 except that tn« y 

^ • « ? 7mm in th ickness . 
20 1 ime glass and is 2. /mm 

cfructure as No. Zfa 
* m o / has the same struciui 
The PDP of No. 34 has 

j n f enda lime 

„v,«trate is made of a sou* 
except that the glass substrate 

glass and is 1 - 5mm in thickness. 
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ot-rurture as No. 27 
* M qc has the same strucLuiw 
The PDP of No. 35 has 

exceP t that .I." .-.«.t. l .. h ..h-d,.t.rt,.-P.I-t 

olass £ o'r POP <PD-20C> and is 2.7.. in - — 

The pDP o f No. 36 has the »» -tructur. as No. 

glas s £ or POP CPD-200, and is 1.5» In — 

(Exper iments) 

<= m , 25-36 were checked to see whether 
The PDPs of Nos. 2o ^o 

a a q descr ibed below . 
cracks have occurred, as descr 

For 1BlB . th. P-n.l. — * " ^ ^-^^ 

f 200V with a frequency of 30KMz and 
m aintenance voltage of 200V 

^ After the panels wer 
the Pans! brightness was measured. 

• „ rate of the panel 
di schar g ed for 5000hours. the ch.n.ma 

n „ elI the cban,in, rate between the ,„it..l 
brigh tness. »a».l» derated for 

5000hours, is measured. 

, n ,i experiment 1 
Table 3 shows the observation and 

r6SUltS ' n x * that the dielectric 

It i8 apparent fro, Tables 2 and 3 that 

, of the PDPs of Nos. 25-32 have not 
layers and panels of the 

u , h p PDPs have thin glasses and light 
cracked, even though the PDPs 

•*h the PDPs of Nos. 33-36. in 
-ight, in comparison with the 

p m r> «s 25 26, and 29-32 use glass 
rticular, the PDPs of Nos. 25, 



pa 
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;ubstrates made of glasses 



not including alkali 



whose 



d i s t or t i o 



n points are 



6 1 0°C or more. 



thus cont r l 



but ing to 



good r esul t s . 

M „ ? <S - 1 2 use glass 
4-v, Q pdPs of Nos. 
This is because the PL^s 

,lkali whose thermal expansion 
substrates including less alkali, wn 

that it is hard for warping to 
coefficients are small, so that 

oco ur du rin 9 haKtn, -™ U th. »° thin ' 

F urther. with the CVO or Plas.a spravin, «U,, the 

. *. • walls are made o t 

dis) ec»ic layers and p.rtxt.on walls 

Pf ; r ; pn ts are similar 
ma terials -hose th.r... expanse coef^ctent 

that thermal distortion is reduced 
to the substrates, so that 

during the production of the PDPs. 



15 



20 



Others 

While the whole mains 

ielectr ic layers in Emb 

y be coated 



coated with the d 

th e vicinity of the electrodes ma 



ur face of the glass substrate is 

odiments 1-5, only 



the 



pa 



1-5 show the case where 
Although Embodiments 1 b 

t hp back glass 
attached onto the 

i r^nels the present 
the back p a n e i t> , 



rtition walls are 



substrates to produce 



not limited to such cons 



truction. 



For 



lied to PDPs 



invent ion is 

* invention can be app 
the present mvenuiun 

. , j „ fViP front panels and 
iio ptp provided on the rruu 
rtition walls are p l u 



instance 
who s e pa 
to general AC PDPs . 
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•u^ at PDPs the present 
Although Embodiments 1 5 descn 

h , applied to counter-electrode' PDPs. 
invention can be applied 

1 • h^cbeenfullY 

»lth.u,h the Present inventron has 

■ h , by way of examples with reference to the 
descr ibed by way 

it is to be noted that various 
accompanying drawings, it is 



changes and mod 



will be apparent to those 
ifications will De 

sKiUed in the art. Therefore, uniess such changes an, 
edifications depart fro. the scope of the Present 

~a * « being inc luded 
invention. they should be construed as 

therein. 
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